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Abstract 

Measures on a non-Archimedean Banach space X are considered 
with values in the real field R and in the non- Archimedean fields. The 
non-Archimedean analogs of the Bochner-Kolmogorov and Minlos- 
Sazonov theorems are given. Moreover, infinite products of measures 
are considered and the analog of the Kakutani theorem is given. 

1 Introduction. 

There are few works about integration in a classical Banach space, that 
is over the field R of real numbers or the field C of complex numbers 
[0, |, |, |§||. On the other hand, for a non-Archimedean Banach 
space X (that is over a non- Archimedean field) this theory is less developed. 
An integration in A is a very important part of the non-Archimedean anal- 
ysis. The progress of quantum mechanics and different branches of modern 
physics related, for example, with theories of elementary particles lead to 
the necessity of developing integration theory in a non- Archimedean Banach 
space 0, |2TJ . It may also be useful for the development of non- Archimedean 
analysis. Non-Archimedean functional analysis develops rapidly in recent 
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years and has many principal differences from the classical functional analy- 
sis |TU|, [22], [23], ^7|. Topological vector spaces over non- Archimedean 
fields are totally disconnected, classes of smoothness for functions and com- 
pact operators are defined for them quite differently from that of the classical 
case, also the notion of the orthogonality of vectors has obtained quite an- 
other meaning. In the non- Archimedean case analogs of the Radon-Nikodym 
theorem and the Lebesgue theorem about convergence are true under more 
rigorous and another conditions. Especially strong differences are for mea- 
sures with values in non-Archimedean fields, because classical notions of o- 
additivity and quasi-invariance have lost their meaning. 

On the other hand the development of the non-Archimedean functional 
analysis and its applications in non- Archimedean quantum mechanics |T0| , p7| . 
|28| leads to the necessity of solving such problems. For example, problems 
related with quantum mechanics on manifolds are related with diffeomor- 
phism groups, their representations and measures on them [|| [12| . In articles 
[ |TT| , [T2| , I3| , |14| quasi-invariant measures on diffeomorphism and loop groups 
and also on non- Archimedean manifolds were constructed. These measures 
were used for the investigation of irreducible representations of topological 



groups |]T2, [14], [15]. The theorems proved in this work enlarge classes of 
measures on such groups and manifolds, this also enlarges classes of repre- 
sentations. For example, theorems of the Minlos-Sazonov type characterize 
measures with the help of characteristic functionals and compact operators. 
In the non-Archimedean case compact operators are more useful, than nu- 
clear operators in the classical case. Theorems of the Bochner-Kolmogorov 
and Kakutani type characterize products of measures and their absolute con- 
tinuity relative to others measures. 

In this article measures are considered on Banach spaces, though the re- 
sults given below can be developed for more general topological vector spaces, 



for example, it is possible to follow the ideas of works |16|, [IT], I8|, in which 
were considered non-Archimedean analogs of the Minlos-Sazonov theorems 
for real- valued measures on topological vector spaces over non- Archimedean 
fields of zero characteristic. But it is impossible to make in one article. In this 
article, apart from articles of Madrecki, measures are considered also with 
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values in non-Archimedean fields, for the cases of real-valued measures also 
Banach spaces over non- Archimedean fields K of characteristic char(K) > 
are considered. It is well-known, that a real-valued measure m on a locally 
compact Hausdorff totally disconnected Abelian topological group G is called 
the Haar measure, if 

(H) m(x + A) = m(A) for each x £ G and each Borel subset A in G. 
For the s-free group G a measure m with values in a non-Archimedean field 
K s satisfy condition (H) only for an algebra of clopen (closed and open) 
subsets A. Indeed, in the last case if a measure is locally finite and a- 
additive on the Borel algebra of G, then it is purely atomic with atoms being 
singletons, so it can not be invariant relative to the entire Borel algebra (see 
Chapters 7-9 0). 

In §2 weak distributions, characteristic functions of measures and their 
properties are defined and investigated. In §3 the non- Archimedean analogs 
of the Minlos-Sazonov and Bochner-Kolmogorov theorems are given. Quasi- 
measures also are considered. Frequently definitions, formulations of state- 
ments and their proofs differ strongly from that of classical. In §4 products 
of measures are considered together with their density functions. The non- 
Archimedean analog of the Kakutani theorem is investigated. 

Notations. Henceforth, K denotes a locally compact infinite field with 
a non-trivial norm, then the Banach space X is over K. In the present 
article measures on X have values in R or in the field K s , that is, a finite 
algebraic extension of the s-adic field Q s with the certain prime number s. 
We assume that K is s-free as the additive group, for example, either K is 
a finite algebraic extension of Q p or char(K) = p and K is isomorphic with 
a field F p (0) consisting of elements x = J2j a j^, where aj £ F p , \9\ = p^ 1 , 
F p is a finite field of p elements, p is a prime number and p ^ s. These 
imply that K has the Haar measures with values in R and K s |21|| . If X is 
a Hausdorff topological space with a small inductive dimension ind(X) = 0, 
then 

E denotes an algebra of subsets of X, as a rule E D Bco(X) for K s -valued 
measures and E D Bf(X) for real-valued measures, where 

Bco(X) denotes an algebra of clopen (closed and open) subsets of X, 
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Bf(X) is a Borel a-field of X in §2.1; 
Af(X, fi) is the completion of E by a measure /i in §2.1; 
M(X) is a space of norm-bounded measures on X in §2.1; 
M t (X) is a space of Radon norm-bounded measures in §2.1; 
co(a, K) is a Banach space and Pl is a projector (fixed relative to a chosen 
basis) in §2.2; 

fiL is a projection of a measure \i in §2.2; 

{/-tL(n) : n} is a sequence of weak distributions in §2.2; 

B(X, x, r) is a ball in §2.2; 

L(X,/i,K s ) in §2.4; 

X£ is a character with values either in T or T s in §2.6; 

9{z) — p, is a characteristic functional in §2.6; 

<5o is the Dirac measure in §2.8; 

/ii * /i2 is a convolution of measures in §2.11; 

tfj Q)fl and T q in §2.14; 

C(X, K) is a space of continuous functions from X into K in §2.16; 



X* is the topological dual space of X pO 
C(Y,T), t(Y) in §3.2; 
B + , C + in §3.5; 
v <C /i, ^ ~ ^ -L A* m §4.1. 



2 Weak distributions and families of measures. 

2.1. For a Hausdorff topological space X with a small inductive dimension 
ind(X) = § the Borel a-field is denoted Bf(X). Henceforth, measures /i 
are given on a measurable space (X, E). The completion of Bf(X) relative 
to fi is denoted by Af(X, fi). The total variation of [i with values in R on a 
subset A is denoted by \\^\a\\ or M^) f° r A £ Af(X, /i). If /i is non-negative 
and //(X) = 1, then it is called a probability measure. 

We recall that a mapping \i : _E — >• K s for an algebra E of subsets of X 
is called a measure, if the following conditions are accomplished: 

(?) fi is additive and /i(0) = 0, 
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(ii) for each A G E there exists the following norm 
||A||„ := sup{|M5)| Ks : B C A, B G E} < oo, 

(m) if there is a shrinking family F, that is, for each 

A,BeF there exist F 3 C C (A D B) and n{A : A G F} = 0, then 
lim^eF M^4) = ( see chapter 7 ]2T] and also about the completion /i) 
of the algebra E by the measure /i). A measure with values in K s is called a 
probability measure if \\X\\^ = 1 and fi{X) = 1. For functions / : X — > K s 
and : X — > [0, oo) there are used notations \\f\\j> := swp xeX (\f(x)\(f>(x)), 
Nfj,(x) := inf ( || C/|| M : U G Bco(X), x G X), where Bco(X) is an algebra 
of closed and at the same time open (clopen) subsets in X. Tight measures 
(that is, measures defined on E D Bco(X)) compose the Banach space M(X) 
with a norm := HXH^. Everywhere below there are considered cr-additive 
measures with < oo and ||X|| M < oo for \i with values in R and K s 

respectively, if it is not specified another. 

A measure \x on E is called Radon, if for each e > there exists a compact 
subset C C X such that < e - Henceforth, M(X) denotes a space 

of norm-bounded measures, M t (Jf) is its subspace of Radon norm-bounded 
measures. 

2.2. Each Banach space X over K in view of Theorems 5.13 and 5.16 |^TJ 
is isomorphic with c (a,K) := {x : x = (xj : j G a), card(j : \xj\jc > b) < 
Ko for each b > 0}, where a is an ordinal, card(A) denotes the cardinality of 
A, \\x\\ := sup(|x-,| : j G a). A dimension of X over K is by the definition 
dimyfX := card(a). For each closed K-linear subspace L in X there exists 
an operator of a projection Pl : X — > L. Moreover, an orthonormal in the 
non- Archimedean sense basis in L has a completion to an orthonormal basis 
in X such that Pf, can be defined in accordance with a chosen basis. 

If A G Bf(X), then P Z ^ 1 (A) is called a cylinder subset in X with a base A, 
B L := P L 1 (Bf(L)), B := Li(B L : L C X, L is a Banach subspace ,<iim K X < 
No). The minimal cr-algebra <ri?o generated by Bq coincides with Bf(X), 
if dim-frX < N . Henceforward, it is assumed that a < u , where ujq is 
the initial ordinal with the cardinality No := card(N). Then there exists 
an increasing sequence of Banach subspaces L{n) C L(n + 1) C ... such 
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that cl(U[L(n) : n]) = X, dim-^L{n) = k„ for each n, where cl(A) = A 
denotes a closure of A in X for A G X. We fix a family of projections 

Pit) ■ L ^ "> such that = p m for each m ^ n ^ k - A 

projection of the measure jj, onto L denoted by Hl{A) := h(Pl 1 (A)) for each 
A G Bf(L) compose the consistent family: 

(1) n H n)(A) = n L{m) (Pzt n) (A) n L{m)) 

for each m > n, since there are projectors Puff, where n n < Ko and there 
may be chosen K n < Ko for each n. 

An arbitrary family of measures {^L(n) '■ n £ N} having property (1) is 
called a sequence of a weak distributions (see also 0, ^5f ) . 

By B(X,x,r) we denote a ball : y G X, — y|| < r}, which is clopen 
(closed and open) in X. 

2.3. Lemma. A sequence of a weak distributions {nun) '■ n } ^ s Op- 
erated by some measure \i on Bf(X) if and only if for each c > there 
exists b > such that \\[i L ( n )\(B(X,0,r) H L(n)) — |/i£( n )|(L(n))| < c and 
sup n \iiu n )\{.L{n)) < oo /or // with values in R; 

or \\L(n) \ B(X,0,r)\\ llHn) < c and sup„ \\L(n) || ML(n) < oo for fi with 
values in K s; where r > b. 

Proof. In the case of // with values in R we can use a Hahn decomposition 
H — fi + — fi~~ and substitute everywhere in the proof of Lemma 1 §2|25| a 
Hilbert space over R onto X over K, since X is a Radon space in view of 
Theorem 1.2 §1.1.3 §, then |/i|(A) = for A G 5f(X). 

For with values in K s the necessity is evident. To prove the sufficiency it 
remains only to verify property (2. l.iii) , since then \\X\\^ = sup n ||L(n)|| /ii(n) < 
oo. Let B(n) G E(L(n)), A(n) = P^ n) {B(n)), by Theorem 7.6 J2J for each 
c > there is a compact subset C(n) C B{n) such that \C(^)||^ L(n) < 

c, where ||-B(n) \£>(n)|| M < max(||S(m) \C(m)|| Mi(m) : m = l,...,n) < c 
and D(n) := f^i ^^(CH) n L(n)), P£- ( i } (S(L(n)) C £ = £(X). 
If D + 1) D ... and f] n A(n) = 0, then A'(n + 1) C and 

(In^H = 0> where A'(n) := ^(Dfn)), hence ||A(n)||„ < ||A'(n)|| M + c. 
There may be taken £?(n) as closed subsets in X. In view of the Alaoglu- 
Bourbaki theorem (see Exer. 9.202(a.3) [p0[] ) and the Hahn-Banach theo- 
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rem (4.8 pifl ) sets A(n) and B(X,0,r) are weakly compact in X, hence, 
for each r > there exists n with B(X,0,r) H = 0. Therefore, 

PHIU = l|5(n)|U £(n) < \\L{n) \B(X, 0,r)||„ £(B) < c and there exists 
lim^oo /jl(A(ti)) = 0, since c is arbitrary. 

2.4. Definition and notations. A function <p '■ X — > R (or K s ) of the 
form 0(x) = 4>s{Ps x ) is called a cylinder function if <pg is a £?/(S)-measurable 
(or £'(S')-measurable respectively) function on a finite-dimensional over K 
space S in X. For <ps G -^ 1 (5', /t,R) for // with values in R or 05 G 
L(5, /i5, K s ) := L(fis) f° r A* with values in K s we may define an integral 
by a sequence of weak distributions {^s(n)}' 

0(x)//*(e£r) := J (ps(n)(x)ns(n)(dx), 

where L(fj,) is the Banach space of classes of /t-integrable functions (/ = g /t- 
almost everywhere, that is, ||A|| M = 0, A := {x : f(x) ^ g(x)} is //-negligible) 
with the following norm ||/|| := ||p||jv 0, 0, |25fl . 

2.5. Lemma. ^4 subset A C X = co(co>o,K) relatively compact if and 
only if A is bounded and for each c > t/iere exists a finite- dimensional over 
K subspace L C X such that A C L c := {y e X : d(y,L) := inf{||x — y\\ : 
x e L} < c}. 

Proof. If A is bounded and for each c > there exists L c with A C L c , 
then there is a sequence {&(j) : j G N} C Z such that linx^oo k(J) = 
oo, A C {x e X : \xj\ < p~ k( i\ j = 1,2,...} =: S, but X is Lindelof, 
S is sequentially compact, hence A is compact (see §3.10.31 ||). If A is 
compact, then for each c > there exists a finite number m such that 
A C UjLi -B(A, Xj, c), where G X. Therefore, 4 C L c for L = spx(xj '■ 
j = 1, m) ■= ( x = J2f =1 bjXj : b 3 G K). 

2.6. Remarks and definitions. As an additive group K is isomorphic 
with Qp with n G N := {1,2, ...}. The topologically adjoint space over Q p 
(that is, of continuous linear functionals / : K — > Q p ) is isomorphic with Q£ 
[§]. For x and z G Q£ we denote by z(x) the following sum Y%=i x j z ji where 
x = (xj : j = 1, ...,n), G Q p . Each number y G Q p has a decomposition 
1/ — J2i a iP l , where min(/ : a/ 7^ 0) =: ord p (y) > —00 (ord(0) := 00) [pOj], 

G (0,1,..., p — 1), we define a symbol := J2i<o a iP l for > 1 and 
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{y} P = for \y\ P < L 

For a locally compact field K with a characteristic char(K) = p > 
let 7Tj(x) := a 3 - for each x = Y^jdj^ £ K (see Notation). All continuous 
characters \ : K — > C (or x : K —>■ C s ) have the form x = Xi{ x ) = 
exp{2TTii](t;(x))} , where itj : K — > R, 77(2;) := {a;} p and £ G Qp* = Qp for 
c/iar(K) = 0, r](x) :— 7i (x)/p and ^ G K* = K for c/iar(K) = p > 0, 
x G K, z = (— l)^ 1 / 2 ) (see §25 @), exp : C — > C. Each \ is locally constant, 
hence x '■ K — > T (or x : K — > T s ) is also continuous, where T denotes the 
discrete group of all roots of 1 (by multiplication), T s denotes its subgroup 
of elements with orders that are not degrees s m of s, m G N. 

For a measure /x with values in R or K s there exists a characteristic 
functional (that is, called the Fourier-Stieltjes transformation) 9 = 6^: 
C(X,K) -> C or C s : 

(2) := / Xe (/(x))//(dx), 

where e = (1, 1), x G X, / is in the space C(X, K) of continuous functions 
from X into K, in particular for z = f in the topologically conjugated space 
X* over K, z : X — > K, 2 G X*, =: /t(z). It has the folowing properties: 

(3a) 9(0) = 1 for n(X) = 1 

and 9(f) is bounded on C(X, K); 

(36) sup |^(/)| = 1 for probability measures ; 
/ 

(4) 9(z) is weakly continuous, that is, (X* , <r(X*, X))-continuous, 

a(X*,X) denotes a weak topology on X*, induced by the Banach space X 
over K. To each x G X there corresponds a continuous linear functional 
x* : X* — > K, x*(z) := 2(2:), moreover, 9(f) is uniformly continuous relative 
to the norm on 

C b (X,K) := {/ G C(X,K) : ||/|| := sup |/(x)| K < 00}; 
(5) 9(z) is positive definite on X* and on C(X, K) 
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for fj, with values in [0, oo). 

Property (4) follows from Lemma 2.3, boundedness and continuity of Xe 
and the fact that due to the Hahn-Banach theorem there is x z E X with 
z(x z ) = 1 for z 7^ such that z\<xql) — and 



0(z) = J x Xe(PL(x))/J,(dx) = J L Xe(y)l^L(dy), 

where L = Kx z , also due to the Lebesgue theorem 2.4.9 || for real measures 



(or from Exer. 7.F [SI] for \i with values in K s , see also §4.2 ||26|| ). Indeed, 
for each c > there exists a compact subset S G X such that \fJ>\(X \S) < c 
(or ||X\ S\\n < c), each bounded subset A C X* is uniformly equicontinuous 
on S (see (9.5.4) and Exer. 9.202 that is, {Xe{z{x)) : z E A} is the 

uniformly equicontinuous family (by x E S). On the other hand, Xe{f{%)) is 
uniformly equicontinuous on a bounded A C C(,(X, K) by x G S. 
Property (5) is accomplished, since 

N N 

X! - = / I S«iXe(/i(«))|VW > °. 

l,j=l JX 3=1 

particularly, for /j- = 2j G X, where is a complex conjugated number to 
atj. 

We call a functional finite-dimensionally concentrated, if there exists 
L C X, dim-K_L < K , such that 9\(x\l) = l^(X). For each c > and 



5 > in view of Theorem 1.1.2 [J3J (or Theorem 7.6||21j|) and Lemma 2.5 there 
exists a finite-dimensional over K subspace L and compact S G L s such that 
||X\S|| M <c. Let 6 L (z) :=6(P L z). 

This definition is correct, since L G X, X has the isometrical em- 
bedding into X* as the normed space associated with the fixed basis of 
X, such that functionals z G X separate points in X. If z E L, then 
\0(z) — L (z)\ < cxbx q, where b = \\X\\^, q is independent of c and b. Each 
characteristic functional 8 L (z) is uniformly continuous by z E L relative to 
the norm ||*|| on L, since \9 L {z)-9 L {y) \ < | f s , nL [x e (z(x))-Xe(y(x))} fi L (dx)\ 
+ | J L \ S i \xe{z(x)) — Xe(y(x))} fj,L(dx)\, where the second term does not exceed 
2C for \\L \ S'\\n L < d for a suitable compact subset S' G X and Xe( z ( x )) is 
an uniformly equicontinuous by x E S' family relative to z E B(L, 0, 1). 
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Therefore 



(6) 6{z) = lim 9 n {z) 

n— »oo 

for each finite-dimensional over K subspace L, where 8 n (z) is uniformly 
equicontinuous and finite-dimensionally concentrated on L[n) C X , z G X , 
c/(U n L(n)) = X, L(n) C + 1) for every n, for each c > there are n and 
g > such that \0(z) — 9j(z)\ < cbq for z G L(j) and j > n, q = const > 
is independent of j, c and b. Let {e^ : j G N} be the standard orthonormal 
basis in X, e 3 - = (0, 0, 1, 0, ...) with 1 in j-th place. Using countable addi- 
tivity of /x, local constantness of Xe, considering all z = btj and b G K, we 
get that 6(z) on X is non-trivial, whilst /j is a non-zero measure, since due to 
Lemma 2.3 /x is characterized uniquely by {/X£( n )}. Indeed, for /x with values 
in R a measure /xy on V, dim-^V < K , this follows from the properties of 
the Fourier transformation F on spaces of generalized functions and also on 
L 2 (V,fiv,C) (see §7 [0]), for /x with values in K s this is also true due to 



Theorem 9.20 [Bl, where 



r— >oo 



F (9)( z ) ■= J]™ I Xe(z(x))g(x)m(dx), 



z G V, g G L(V,/iy, C s ), m is the Haar measure on 1/ either with values in 
R or K s respectively. Therefore, the mapping /i i— > 9^ is injective. 
2.7. Proposition. Lei X = j G N, 

^ /x ond 1/ be real probability measures on X, suppose v is symmetric. 
Then J x £i(x)v(dx) = f x v(x)n(dx) G R and for each < / < 1 is accom- 
plished the following inequality: 
fi{[x G X : P(x) < /]) < f x (l - jl{x))v{dx)/{l - I). 

(b). For each real probability measure a on X there exists r > p 3 such 
that for each R> r and t > the following inequality is accomplished: 
»{[x G X : ||x|| > tR\) < cf x [l-fl(yZ)Hdy), 

where v{dx) = Cxexp(— \x\ 2 )m(dx), m is the Haar measure on X with values 
in [0, oo), m(B(X, 0, 1)) = 1, v{X) = 1, 2 > c = const > 1 is independent 
ont,c = c(r) is non-increasing whilst r is increasing, C > 0. 

Proof, (a). Recall that v is symmetric, if v(B) = u(—B) for each B G 
Bf(X). Therefore, f x Xe(z(x))i>(dx) = f x Xe(— z(x))u(dx), that is equivalent 
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to f x sin(27r{z(x)} p )u(dx) = or v{z) G R. If < I < 1, then fi([x G X : 
z>(V) < /]) = n([ x : 1 - P( x ) > 1 - I}) < f x {l - P(x))n(dx)/(1 - I) = 
f x (l — (x{x))v{dx) I '(1 — /) due to the Fubini theorem. 

(b). Let u(dx) = , y(x)m(dx), where 7(2) = C x exp(— |x| 2 ), C > 0, 
z/(X) = 1. Then F(j)(z) =: 7(2;) > 0, and 7(0) = 1 and 7 is the continuous 
positive definite function with 7(2) — > whilst |z| — ► 00. In view of (a): 
Mb : Nl > tR]) < f x [l - fL{y£)]v{dy)/{l - I), where |f | = 1/t, t > 0, 
/ = l(R). Estimating integrals, we get (b). 

2.8. Lemma.Lei in the notation of Proposition 2.7 u^(dx) = r y^{x)m{dx), 
7^(x) = C(£)exp(— |x£| 2 ), v$(X) — 1, £ 7^ 0, i/ien a measure is weakly con- 
verging to the Dirac measure So with the support in G X /or |£| — > 00. 

Proof. We have: = C^)" 1 = Ei e z[p lg ~ p (l ~ 1)q }exp(-p 2l \£\ 2 ) < 

00, where the sum by I < does not exceed 1, q — jn, j = dim K X, 
n = dimq p K. Here K is considered as the Banach space Q£ with the 
following norm | * \ p equivalent to | * |k, for x = (x\,...,Xj) G X with 
Xi G K as usually \x\ p = maxi</<j \xi\ p , for y = (yx,...,y n ) G K with 
Vi e Q p : \y\ p := max!</< n \yi\ Qp . Further, p l+s J2xrfo exp(2ni E^f* %iP l+s ) 
= f p \ + s exp{2 i Ki4>)d<p +(3(s), where s + I < 0, \im s ^_ 00 (/3(s)p~ s ^ 1 ) = 0, there- 
fore, swp[|7i(z)|h,|z|.x- : z G X, \z\ > p 3 } < 2. Then taking ^ ( 6 K and 
carrying out the substitution of variable for continuous and bounded func- 
tions / : X — > R we get lini|£|_ ) . 00 f x f(x)v^{dx) = /(0). This means that v$ 
is weakly converging to 5 for |£| — > 00. 

2.9. Theorem. Lei /Ui and /i 2 be measures in M(X) such that jli(f) = 
faif) f or eac h f G T. Then = fj, 2 , where X = Co(a,K), a < Uq, Y is 
a vector subspace in a space of continuous functions f : X — > K separating 
points in X . 

Proof. Let at first a < uj , then due to continuity of the convolution 
7£ * fij by £, and Proposition 4.5 §I.4]2T!|] and Lemma 2.8 we get H\ = /i 2 , 
since the family T generates Bf(X). Now let a = uq, A = {x G X : 
(fi(x), f n (x)) G S}, Uj be an image of a measure \ij for a mapping x 1— > 
(fi(x),...,f n (x)), where either S G Bf(K n ) or S G E(K n ), freX^ X*. 
Then v^y) = + ... + y n f n ) = #2(2/1/1 + ••• + 2/rX) = ^j(y) for each 

y — (yi, ■■■,y n ) G K n , consequently, V\ = v 2 on E. Further we can use the 
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Prohorov theorem 3.4 §1.3 PB" |, since compositions of / G T with continuous 
functions g:K^Rorg:K — > K s respectively generate a family of 
real- valued or K s - valued functions correspondingly separating points of X. 

2.10. Proposition. Let fii and fi be measures in M(X;) and M(X) 
respectively, where X\ = co(ai,K), on < u , X = Hi n & N. Then 
the condition ft(zi, z n ) = IVi=if J 'i( z i) f or eac h (zi,...,z n ) G X X* is 
equivalent to \i = n™=i M ■ 

Proof. Let fj, = Ll?=i/^ then p,(z u z n ) = J x x e (E z t (xi)) U?=i Hifai) 
= n™=i Ix Xe{ z i{%i)) l^i{dxi) . The reverse statement follows from Theorem 2.9. 

2.11. Proposition. Let X be a Banach space over K; suppose fi, /ii 
and fi2 are probability measures on X . Then the following conditions are 
equivalent: fi is the convolution of two measures fij, \i = fi\ *fi2, and ft(z) = 
jli(z)£i2(z) for each z G X . 

Proof. Let \i = fii*^- This means by the definition that \x is the image of 
the measure \i\®\i2 for the mapping (x%, x%) — > X1+X2, Xj G X, consequently, 

K z ) = IxxxXe(z(xi +X 2 )) {Hx ® H2)(d{Xi,X 2 )) = Uf=l Ix Xe(z(xi))fMl(dXl) 

= fii(z)jl 2 (z). On the other hand, if jlifa — A*j then p, = * /i 2 ) A and due 
to Theorem 2.9 above for real measures, or Theorem 9.20 [jnj] for measures 
with values in K s , we have fi = \ix * [i 2 . 

2.12. Corollary. Let v be a probability measure on Bf(X) and fi*u = [l 
for each fi with values in the same field, then v = 5q . 

Proof. If Zq G X ■=— > X* and fi(z ) ^ 0, then from P,{zq)v{zq) = jl(zo) it 
follows that Vq(zq) = 1. From the property 2.6(6) we get that there exists 
m G N with (i(z) ^ for each z with = p~ m , since /t(0) = 1. Then 
v{z + Zq) = 1, that is, ^|(B(x^ ,p~ m )) = 1- Since \i are arbitrary we get 
u\x = 1, that is, u = So due to §2.6 and §2.9 for K s -valued measures and 
real- valued measures. 

2.13. Corollary. Let X and Y be a Banach space over K ; (a) fi and 
v be probability measures on X and Y respectively, suppose T : X — > Y is a 
continuous linear operator. A measure v is an image of /i for T if and only if 
v = £loT*, where T* : Y* — > X* is an adjoint operator, (b). A characteristic 
functional of a real measure [i on Bf(X) is real if and only if fi is symmetric. 

Proof follows from 52.6 and 52.9. 
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2.14. Definition. We say that a real probability measure fx on Bf(X) 
for a Banach space X over K and < q < oo has a weak g-th order if 
ipq,fj.( z ) — fx \z(x)\ q fi(dx) < oo for each z G X*. The weakest vector topology 
in X* relative to which all : /-O ar e continuous is denoted by r q . 

2.15. Theorem. A characteristic functional fx of a real probability 
Radon measure fx on Bf(X) is continuous in the topology r q for each q > 0. 

Proof. For each c > there exists a compact S C X such that fx(S) > 
1 — c/4 and 

< I / (l-Xe(z(x)))fx(dx)\+\ f (l-xe(z(x)))fx(dx)\ < \l-jx c (z)\+c/2, 
Js Jx\s 

where fx c (A) = (fx(A D S)//x(S) and A G Bf(X); further analogously to the 

proof of rV.2.3|g. 

2.16. Proposition. For a completely regular space X with ind(X) = 
the following statements are accomplished: 

(a) if (/Xp) is a bounded net of measures in M(X) that weakly converges 
to a measure fx in M(X), then (fxp(f)) converges to (x(f) for each continuous 
f : X — > K; if X is separable and metrizable then (jlp) converges to fx 
uniformly on subsets that are uniformly equicontinuous in C(X, K); 

(b) if M is a bounded dense family in a ball of the space M(X) for mea- 
sures in M(X), then a family (fx : fx G M) is equicontinuous on a locally 
K.-convex space C(X, K) in a topology of uniform convergence on compact 
subsets S C X. 

Proof, (a). Functions exp(2irirj({f(x)})) are continuous and bounded on 
X, where jx(f) = f x Xe(f(x))fx(dx). Then (a) follows from the definition of 
the weak convergence and Proposition 1.3.9|2B|, since spc{exp(2m{f (x)} p ) : 
/ G C(X,K)} is dense in C(X,C) and sp CB {exp(2mr](f(x)) : / G C(X, K} 
is dense in C(X, C s ). 

(b). For each c > there exists a compact subset S C X such that 
|// 1 (5) > |/u(X)| — c/4 for real- valued measures or ||/i|(x\s)|| < c/4 for K s - 
valued measures. Therefore, for fx G M and / G C(X,K) with \$(x)\k < 
c < 1 for x G S we get \fx(X) - Re(fx(f)\ = 2\ J x sin 2 (irri(f(x)))fx(dx)\ < c/2 
for real-valued fx and \fx(X) — fx(f)\ = \ f x (l — Xe(f(x))fx(dx)\ < c/2 for 
K s -valued fx, since for c < 1 and x G S we have sin(Trrj(f(x))) = 0. Further 
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analogously to the proof of Proposition IV.3.1|26|], since X is the Ti-space 
and for each point x and each closed subset S in X with x S there is a 
continuous function h : X — > B(K, 0, 1) such that h(x) = and h(S) = {1}. 

2.17. Theorem. Let X be a Banach space over K., rj : T —>■ C be 
a continuous positive definite function, (fip) be a bounded weakly relatively 
compact net in the space M t (X) of Radon norm-bounded measures and there 
exists limp ftp(f) = "f{f) for each f G T and uniformly on compact subsets of 
the completion T, where F C C(X,K) is a vector subspace separating points 
in X . Then (pp) weakly converges to ji G M t (X) with ft\ r = 7. 

Proof is analogous to the proof of Theorem IV.3.1|26j and follows from 
Theorem 2.9 above and for K s - valued measures using the non- Archimedean 
Lebesgue convergence theorem (see Ch. 7 PH). 

2.18. Theorem, (a). A bounded family of measures in M(K n ) is weakly 
relatively compact if and only if a family (ft : // e M) is equicontinuous on 
K n . 

(b) . If (fij : j G N) is a bounded sequence of measures in M((K n ) ; 7 : 
K n — >• C is a continuous ( and in addition positive definite for real-valued fij) 
function, ftj(y) — > 7(2/) for each y e K n (and uniformly on compact subsets 
in K n for K. s -valued measures), then (fj,j) weakly converges to a measure \x 
with ft = 7. 

(c) . A bounded sequence of measures (fij) in M t (K n ) weakly convereges 
to a measure [i in M t (K n ) if and only if for each y G K n there exists 
limj^ ftj(y) = ft(y). 

(d) . If a bounded net (pp) in M t (K n ) converges uniformly on each bounded 
subset in K n ; then (/j,p) converges weakly to a measure fi in M t (K n ), where 
jiGN. 

Proof, (a). This follows from the Prohorov theorem 1.3.6[]26| and Propo- 
sitions 2.7, 2.16. 

(b). We have the following inequality: lim m sup J>m fij ([x G K n : |x| > 
tR\) < 2J Kn (l - Re(ri(£y)))v(dy) with |f| = 1/t due to §2.7 and §2.8 for 
real-valued measures. Due to the non-Archimedean Fourier transform and 
the Lebesgue convergence theorem for K s -valued measures and from the 
condition lim R ^ 00 sup^ >R \'-y(y)\R n = it follows, that for each e > there 
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exists R > such that lim m sup j>m \\/J,j\{xeK^.\x\>B}\\ < 2sup| J/ | >i? \rf(y)\R < 
e for each R > Rq. In view of Theorem 2.17 (/i,) converges weakly to \x with 
p, = 7. (c,d). These may be proved analogously to IV.3.2|2E|]. 

2.19. Corollary. If (jip) — > 1 uniformly on some neighbourhood of in 
K n /or a bounded net of measures \i$ in M t (K n ), tnen (/i/3) converges weakly 
to 8q. 

2.20. Definition. A family of probability measures M C M t (X) for 
a Banach space X over K is called planely concentrated if for each c > 
there exists a K-linear subspace S C X with dim K S = n < K such that 
inf(/i(S' c ))| : /i G M) > 1 — c. The Banach space M t (X) is supplied with the 
following norm := |/i|(X). 

2.21. Lemma. Let S and X be the same as in §2.20; z\, z m 6 X* be a 
separating family of points in S. Then a set E := S° D (x 6 X : |%-(^)| < r^-; 
j = 1, m) bounded for each c > and r 1; r m G (0, 00). 

Proof. A space S is isomorphic with K n , consequently, p(x) = max(|^j| : 
j = 1, ...,m) is a norm in 5 1 equivalent to the initial norm. 

2.22. Theorem. Let X be a Banach space over K with a family T C X 
separating points in M C M t (X). Then M is weakly relatively compact if and 
only if a family {fi z : \i G M} is weakly relatively compact for each z G T and 
M is planely concentrated, where fi z is an image measure on K of a measure 
fi induced by z. 

Proof follows from Lemmas 2.5, 2.21 and the Prohorov theorem (see also 



Theorem 1.3.7|26| with a substitution [—rj,rj] onto £>(K, 0, r,)). 

2.23. Theorem. For X and T the same as in Theorem 2.22 a sequence 
{fij : j G N} C M t (X) is weakly convergent to fi G M t (X) if and only if for 
each z G T there exists lim^oo £ij(z) = fi(z) and a family {nj} is planely 
concentrated. 

Proof follows from Theorems 2.17,18,22 (see also Theorem IV.3.3pB|). 

2.24. Proposition. Let X be a weakly regular space with ind(X) = 0, 
T C C(X,K) be a vector subspace separating points in X, (fi n : n G N) 
C Mi(X), /i G M t (X), lim^oo fi n (f) = fi(f) for each f G V. Then (/i n ) is 
weakly convergent to [i relative to the weakest topology o~(X, T) in X relative 
to which all f G T are continuous. 
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Proof follows from Theorem 2.18 and is analogous to the proof of Propo- 
sition IV.3.3[g§. 



3 The non- Archimedean analogs of the Minlos- 
Sazonov and Bochner-Kolmogorov theorems. 

3.1. Let (X, U) = Ylx POu Ua) be a product of measurable completely regular 
Radon spaces (X\, Ua) = (X\, Ua, K a ), where K A are compact classes approx- 
imating from below each measure fi\ on (Xa, Ua), that is, for each c > and 
elements A of an algebra Ua there is S G Ka, S C A with || A \ 5|| MA < c. 

Theorem. Each bounded quasi-measure fi with values in K s on (X, U) 
(that is, /x|u A is a bounded measure for each X) is extendible to a measure on 
an algebra v4/(X, /z) D U, where an algebra U is generated by a family (Ua : 
A G A). 

Proof. We have 2.1 (i) by the condition and \\X\\^ < oo, if 2.1(iii) is 
satisfied. It remains to prove 2.1(iii). For each sequence {A n ) C U with 
fin A n = and each c > for each j G N we choose Kj G K, where the 
compact class K is generated by (Ka) (see Proposition 1.1.80), such that 
Kj C Aj and \\Aj \ Kj\\^ < c. Since D£°=i K n C (\ n A n = 0, then there 
exists I G N with nLi^n = 0, hence A l = A t \ f] l n= i K n C U l n=1 (A n \ 
K n ), consequently, \\Ai\\^ < max n=1) .. .,i(||A n \ i^nH^) < c. It remains to use 
Theorem 7.8[|2T| about uniqueness of an extension of a measure. 

3.2. Definition. Let X be a Banach space over K, then a mapping 
/ : X — > C is called pseudocontinuous, if its restriction f\ L is uniformly 
continuous for each subspace L G X with dim^L < K . Let T be a family 
of mappings / : Y — > K of a set Y into a field K. We denote by C(Y, T) the 
minimal cx-algebra (that is called cylinder) generated by an algebra C(Y, T) 
of subsets of the form Cf u _j nl E '■= {x G X : (f\(x), f n (x)) G S}, where 
S G Bf(K n ), fj G T. We supply Y with a topology r(Y) which is generated 
by a base (Cf u „.j n .E : fj G T, E is open in K n ). 

3.3. Theorem. Non- Archimedean analog of the Bochner-Kolmogorov 
theorem. Let X be a Banach space over K ; X a be its algebraically adjoint 
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K.-linear space (that is, of all linear mappings f : X — > K not necessarily 
continuous). A mapping 9 : X a — > C is a characteristic functional of a 
probability measure /j, with values in R [or K. s ] and is defined on C(X a ,X) 
[or C(X a ,X)] if and only if 9 satisfies conditions 2.6(3,5) for (X a ,r(X a )) 
and is pseudocontinuous on X a [ or 9 satisfies 2.6(3,6) for (X a ,r(X a ) and 
is pseudocontinuous on X a respectively] . 

Proof. (I). For dimjcX = card(a) < No a space X a is isomorphic with 
K a , hence the statement of theorem for a measure /i with values in K s follows 
from Theorem 9.20[^1|] an d Theorems 2.9 and 2.18 above, since #(0) = 1 and 
\9{ z )\ < 1 for each z. 

(II). We consider now the case of fi with values in R and a < ujq. 
In §2.6 (see also §2.16-18,24) it was proved that 9 = fi has the desired 
properties for real probability measures /i. On the other hand, there is 
9 which satisfies the conditions of the theorem. Let 9^(y) = 9(y)h^(y), 
where h^(y) = F[C(^)exp(—\\x^\\ 2 )](y) (that is, the Fourier transform by 
x), z/g(K a ) = 1, v^{dx) = C(^)exp(— \\x(,\\ 2 )m(dx) (see Lemma 2.8), £ ^ 
0. Then 9^(y) is positive definite and is uniformly continuous as a prod- 
uct of two such functions. Moreover, 9^{y) G L 1 (K°,m, C). For £ ^ 
a function f^(x) = f Ka 9^(y)x e (x(y))m(dy) is bounded and continuous, a 
function exp{— ||x£|| 2 ) =: s{x) is positive definite. Since v$ is symmet- 
ric and weakly converges to Sq, hence there exists r > such that for 
each |£| > r we have %(y) = f Ka C(^)exp(— \\ x^\\i)exp{2mriy{x)))m{dx) 
= f cos(27irj(y(x)))exp(— \\xr)\\p)C( ^)m{dx)/2 > 1 — 1/R for \y\ < R, con- 
sequently, %(y) = Q{y) f° r \v\ — where Q is positive definite uni- 
formly continuous and has a uniformly continuous extension on K a . There- 
fore, for each c > there exists r > such that \\u^ — * k^\\ < c 
for each |£| > r, where K^{dx) = Q(x)m(dx) is a cr-additive non-negative 
measure. Hence due to corollary from Proposition IV.1.3[[2(J there exists 
r > such that f- Ka 9^{y)xe{~^{y)) l/ j{dy) > for each \j\ > r, conse- 
quently, ft(x) = limiji-^oo J Ka 9^{y) Xe{-x{y))vj{dy) > 0. From the equality 
F[F{pf^){—y)]{x) = 7^(x) and the Fubini theorem it follows that / f^Xe(y( x ))hj(x)r 
— I %( M + y)vj(du). For y = we get lim^-nx, / f^(x)m(dx) = f f(x)m(dx) 
= limigi^oo limu^oo / f^(x)hj(x)m(dx) and hm^|limu| | J Ka 9^(u)uj(du)\ < 1. 
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From Lemma 2.8 it follows that f(y) = 9{y), since by Theorem 2.18 9 = 
lim^i^oo 0£ is a characteristic function of a probability measure on Bf(K a ), 
where f(x) = J Ka 9{y)xe{-x{y))m{dy). 

(III). Now let a = ujq. It remains to show that the conditions imposed on 
9 are sufficient, because their necessity follows from the modification of 2.6 
(since X has an algebraic embedding into X a ). The space X a is isomorphic 
with K A which is the space of all K-valued functions defined on the Hamel 
basis A in X. The Hamel basis exists due to the Kuratowski-Zorn lemma 
(that is, each finite system of vectors in A is linearly independent over K, 
each vector in X is a finite linear combination over K of elements from A). 
Let J be a family of all non-void subsets in A. For each A G J there exists 
a functional 9 A : K A — ► C such that A (t) = 9(Y Jy& A t {y)y) for t G K A . 
From the conditions imposed on 9 it follows that 9^(0) = 1, 9a is uniformly 
continuous and bounded on K A , moreover, it is positive definite (or due to 
2.6(6) for each c > there are n and q > such that for each j > n and 
z G K A the following inequality is satisfied: 

(7) \9 A (z)-9j{z)\ <cbq, 

moreover, L(j) D K A , q is independent on j, c and b. From (I, II) it follows 
that on Bf(K A ) there exists a probability measure fi A such that fi A — 9a- 
The family of measures {fj, A '■ A G J} is consistent and bounded, since 
fJ>A = ° (-P^) -1 , if A C E, where P£ : K E -> K A are the natural 
projectors. Indeed, in the case of measures with values in R each ha is the 
probability measure. For measures with values in K s this is accomplished 
due to conditions (7), 2.6(6) for X a and due to Theorem 9.20 [pT| . 

In view of Theorem 1.1. 4H (or Theorem 3.1 above) on a cylinder a- 
algebra of the space K A there exists the unique measure \i such that \ia = 
/i o (P A ) _1 for each A G J, where P A : K A — > K A are the natural projectors. 
From X a = K A it follows that y, is defined on C(X a ,X) (or on C(X a ,X) 
for K s -valued measures). For fi on C(X a ,X) or C(X a ,X) there exists its 
extension on Af(X,p) such that Af(X,/j l ) D Bco(X) (see §2.1). 

3.4. Definition. ||23|| A continuous linear operator T : X — >• Y for 
Banach spaces X and K over K is called compact, if T(B(X, 0, 1)) =: S* 
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is a compactoid, that is, for each neighbourhood U 3 in Y there exists 
a finite subset A C Y such that S C U + co(A), where co(A) is the least 
K-absolutely convex subset in V containing A (that is, for each a and b G K 
with \a\ < 1, |6| < 1 and for each x, y G V the following inclusion ax + by G V 
is accomplished). 

3.5. Let B + be a subset of non-negative functions which are Bf(X)- 
measurable and let C + be its subset of non-negative cylinder functions. By 
B + we denote a family of functions / G B + such that f(x) = lim„ g n (x), 
g n G C+, g n > f. For / G B + let J x f{x)^(dx) = inf fl > /; 9eC+ f x g(x)fi*(dx). 

For / G L(X, /i, K s ) and K s -valued measure fi let f x f(x)/j,*(dx) = 
lim n ^oo J x g n {x)n*{dx) for norm-bounded sequence of cylinder functions g n 
from L(X, /i, K s ) converging to / uniformly on compact subsets of X. Due 
to the Lebesgue converging theorem this limit exists and does not depend on 
a choice of {g n : n}. 

3.6. Lemma. A sequence of a weak distributions (l^L(n)) of probability 
Radon measures is generated by a real probability neasure fi on Bf(X) of a 
Banach space X over K if and only if there exists 

(8) lim / G^(x)/j,^(dx) = 1, 
where J x G^(x)ii^(dx) := S^({fj,L(n) '■ n }) an d 

F n is a Fourier transformation by (y±, y n ), y = (yj : j G N), yj G K ; 
liivi) are the same as in Lemma 2.8 for K 1 ; here m(n) = dim^L{n) < K 0; 
cl(UnL(n)=X = c (LU ,K). 

Proof. If a sequence of weak ditributions is generated by a measure /i, 
then in view of 2.6(3-6), Lemmas 2.3, 2.5, 2.8, Propositions 2.10 and 2.16, 
Corollary 2.13, the Lebesgue convergence theorem and the Fubini theorem, 
also from the proof of Theorem 3.3 and the Radon property of fi it follows 
that there exists r > such that 

/ Gt:{x)n*{dx) = / Gt(x)fi(dx) = lim / -y^ n (y)(i L{n) (y)m L{n) (dy), 

since lim^oo Xj = for each x = (xj : j) G X. In addition, lim^i^oo S^({/i^ n )}) 
= f x fj,(dx) = 1. Indeed, for each c > and d > there exists a compact 
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V c C X with ||/-t|(x\v c )|| < c and there exists no with V c C L(n) d for each 
n > uq. Therefore, choosing suitable sequences of c(n), d(n), V c ( n ) and L(j n ) 
we get that [! L{n) l^ n {y)^L{n){y)'m L{n) {dy) : n G N] is a Cauchy sequence, 
where mi( n ) is the real Haar measure on Lin), the latter is considered as 
Qm(n)b ) b = dim Qp K, m(B(L(n),0, 1) = 1. Here we use G c (x) for a formal 
expression of the limit S% as the integral. Then G^(x) {mod n) is defined 
evidently as a function for [i or {fii(n) '■ n} with a compact support, also 
for fi with a support in a finite-dimensional subspace L over K in X. By 
the definition supp(fiL^ : n) is compact, if there is a compact V G X with 
supp(fiL( n )) C Pl(u)V for each n. That is, condition (8) is necessary. 

On the other hand, if (8) is satisfied, then for each c > there exists 
r > such that | J x G^(x)^i Jf (dx) — 1| < c/2 for real- valued measures or 
I II^WIU* " 1| < c /2 for K s -valued-measures, when |£| > r, consequently, 
there exists n such that for each n > n the following inequality is satisfied: 

F n (^ n )(x)n*(dx)\ < \\\n\(L(n)nB(X,0,R))\\ ~ 1| + 

SUp |F n (7 C>n ) (x) | ||// L(n) | (L(n)\B(X,0,fl)) II ■ 

|x|>_R 

Therefore, from lim^oo sup| x | >fl |F n (7^ n )(x)| = and from Lemma 2.3 the 
statement of Lemma 3.6 follows. 

3.7. Notes and definitions. Suppose X is a locally convex space over 
a locally compact field K with non-trivial non-Archimedean valuation and 
X* is a topologically adjoint space. The minimum a-algebra with respect 
to which the following family {v* : v* G X*} is measurable is called a a- 
algebra of cylinder sets. For a K s -valued measure /lonla completion of a 
linear space of characteristic functions {chu : U G Bco(X)} in L(X, /i,K s ) 
is denoted by B^{X). Then X is called a -RS'-space (or fTS-space) if on X* 
there exists a topology r such that the continuity of each positive definite 
function / : X* — > C (or / : X* — > C s with ||/||co < °o respectively) 
is necessary and sufficient for / to be a characteristic functional of a non- 
negative measure (a tight measure of finite norm correspondingly). Such 
topology is called the i?-Sazonov (or X-Sazonov) type topology. The class 
of .RS'-spaces (and K^-spaces) contains all separable locally convex spaces 
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over K. For example, l°°(a, K) = co(a,K)*, where a is an ordinal pT| . In 
particular we also write c (K) := c (u)o,K.) and /°°(K) := l°°(u ,~K), where 
ujq is the first countable ordinal. 

Let riK(^°°,co) denotes the weakest topology on Z°° for which all func- 
tional p x (y) '■= sup n \x n y n \ are continuous, where x = J2n x nG n £ Co and 
V — J2 n yn e n e e n is the standard base in c . Such topology n K (l°°,c ) 
is called the normal topology. The induced topology on Co is denoted by 
^k(c ,c ). 

3.8. Theorem. Let f : l°°(K) ^ C (or f : Z°°(K) -> CJ be a functional 
such that 

(i) f is positive definite (or /(0) = 1 and ||/||c° < lj; 
(iz) / is continuous in the normal topology n^l 00 , cq), then f is the char- 
acteristic functional of a probability measure on Co(K). 

Proof. If v is the Haar measure on K n , then on Pco(K n ) it takes values 



in Q. Therefore, Lemma 4.1 [T8| is transferable onto the case of K s - valued 



measures, since Q C K s . Therefore, analogously to Equation (4.1) of Lemma 



4.2 |T3] we have 



(i) P{\Vx\ K < e,...,\V n \ K <e} = z/ -1 (P(K n , 0,p~ m )) J^Jv{y)ch B{ ^ Ap - m) {y) 

for measurable maps Vj : (Q, B, P) — > (K, Bco(K)), where (O, B, P) is a 
probability space for a probability measure P with values in K s on an algebra 
B of subsets of a set fl, fw is a characteristic function of W = (Vi, V^). 
To continue the proof we need the following statements. 

3.9. Lemma Let f : co(K) — > C s be a function satisfying the following 
two conditions: 

(i) \f(x)\ < 1 for each x £ c (K) ; 

(ii) / is continuous at zero in the topology n-K_(c ,c ), 

then for cache > there exists A(e) £ c (K) suc/j £/iai |1 — < p\(e)(x)+e 
for each x £ cq(K). 

Proof. In view of continuity for each e > there exists y(e) £ Co such 
that |1 — f(x)\ < e if p y ^ < 1. Put A(e) = 71k where 7r K £ K is such 
that |7r K | = p -1 . If x £ c is such that px( e )(x) < p -1 , then |1 — f(x)\ < e < 
e + px(e)(x). If PA(e)0*0 > P, then |1 - f(x)\ < 2 < p < P\( t )(x) + e. 
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3.10. Lemma. Let {V n : n G N} be a sequence of K.-valued random 
variables for P with values in K s . If for each [3 > and e > there exists 
iV £ G N such that 

W H^ksup^jVnlK^lll > l-eil + r 1 ), 

then lim ra V n = P-a.e. on Q. 

Proof is quite analogous to that of Lemma 4.4 |18j with substitution of 
P on ||P||. 

3.11. Proposition. Let f : co(K) — > C s be a function such that 
(i) /(0) = 1 and \f(x)\ < 1 /or eac/i x G cq, 

(m) /(rr) is continuous in the normal topology n K (c ,c Q ). Then there 
exists a probability measure fi on Co(K) such that f(x) = fi(x) for each x G c$. 

Proof. Consider functions f n (xi, x n ) := f{x\e\ + ... + x n e n ), where 
x = J2j x j e j £ c o- From Condition (ii) and Proposition 3.1(2) |18| it follows, 



that f(x) is continuous in the norm topology. From Chapters 7,9 [21] it 
follows, that there exists a consistent family of tight measures \x n on K n such 
that fi n (x) = f n {x) for each x G K n . In view of Theorem 3.1 there exists a 
probability space (fl, B, P) with a K s - valued measure P and a sequence of 
random variables {V^} such that fi n (A) = P{u G Vl : (Vx(uj), V n (u)) G A} 
for each clopen subset A in K n , consequently, lim n V n = P-a.e. in f2. In 
view of the preceding lemmas we have the following inequality: 



I 1- \\P\(\V n \<f3,...,\V n+m \<f3)\\ < \\PX(e)(yie n + ■■■ + 1/men+m || L(S(K",0,/3- 1 ). 



Since limfcPA(e)(efc) = 0, then there exists iV G N such that sup fc>7V pA(e)(efc) < 
e, consequently, ||P|{|y iV |</3,...,|y iV+m ||< ( g}|| > 1 — e(l+/3 _1 ). Due to Lemma 4.10 
IIP {iim n v„=o}|| = 1- Define a measurable mapping W from f2 into c by the 
following formula: W(u) := V n {ui)e n for each a; G fi, then we also define a 
measure fi(A) := P{W /_1 (P)} for each A G Bco(X), hence // is a probability 
measure on cq. In view of the Lebesgue convergence theorem (see Chapter 7 
| pl[| ) there exists jl(x) = lim n /i n (xiei + ... + x n e n ) = f(x) for each x G c . 

Continuation of the proof of Theorem 3.8. Let / : /°°(K) — > C s 
satisfies assumption of Theorem 3.8, then by Proposition 3.11 there exists a 
probability measure /i on cq(K) such that f(x) = ji(x) for each x G cq(K). 
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The case of the topological vector space X over K with char(K) > and 
a real- valued measure \i can be proved analogously to |Tj| due to §2.6 and 
§§3.1-3.11. 

3.12. Theorem. Let fj, be a probability measure on co(K), then (i is 
continuous in the normal topology nn(l°°,co) on l°° . 

Proof. In view of Lemma 2.3 and Theorem 3.1 for each e > there 
exists S(e) G Co such that ||//|i(o,s(e))|| > 1 — where L(y,z) := {x G Co : 
\%n — Vn\ < |-2n|, for each n G N}. Therefore, 

|1 - fi(x)\ < e + ||27r77(^x)|| c o (L(0 ,s(e)))||MU(o,5( e ))||, 

hence there exists a constant C > such that |1 — p\ < e + Cpsu)(x). 

3.13. Corollary. TTie normal topology nj^(l°°, cq) is the R-Sazonov (and 
K-Sazonov) type topology on /°°(K). 

3.14. Theorem. Non- Archimedean analog of the Minlos-Sazonov 
theorem. For a separable Banach space X over K the following two condi- 
tions are equivalent: 

(I) 9 : X — > T s satisfies either conditions 2.6(3,4,5) or 2.6(3,6) and 

for each c > there exists a compact operator S c : X — > X such that either 
\Re(9(y) — 9(x))\ < c or \9(y) — 9(x)\ < c respectively for \z(S c z)\ < 1; 

(//) 9 is a characteristic functional of a probability Radon measure fi 

on E, where z is an element z G X •— > X* considered as an element of X* 
under the natural embedding associated with the standard base of co(a>o,K) , 
z = x — y, x and y are arbitrary elements of X. 

Proof. (// — > I). For a positive definite function 9 generated by a 
probability measure fi in view of the inequality \9(y) — 9(x)\ 2 < 29(0) (9(0) — 
Re(9(y — x)) (see Propositions IV.l.l(c)|^6[) and using the normalization 



of a measure [i by 1 we consider the case y = 0. For each r > we have: 
|ife(0(O)-0(ar))| = f x (l-cos(27r V (x(u))))v(du) < f^^^szn^ir^u)))^) 
+ 2 fx\B{x,o, r ) K du ) < 27[2 lB(x,o,r)V(x(u)) 2 fi(dx) +2fi([x : \\x\\ > r}). For 9 
generated by a K s -valued measure for each r > we have \9(0) — 9(x)\ = 
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I f x (l-exp[2m7)(x(u))])iJ,(du)\ < \\(l-exp[27rir)(x(u))])\ B (xAr)\\»+2\\ii\(x\B(x,a,r))\\- 
In view of the Radon property of the space X and Lemma 2.5 for each b > 
and 5 > there are a finite-dimensional over K subspace L in X and a com- 
pact subset W C X such that W C L s , \\^\(x\w)\\ < ^> hence ||jt/|(xy/) II < 
We consider the following expression: 

J(j,Z) := 2vr 2 / r](ej(u))r]{ei(u))ii(du), 

JB(X,0,r) 

where (e,-) is the orthonormal basis in X which contains the orthonormal basis 
of L — K n , n = dim-^L. Then we choose sequences bj = p~i and < Sj < bj, 
subspaces Lj and r = Tj such that bjTj < 1, Wj C -B(X, 0, r,), < r 3 - < 
Tj + % < oo for each j 6 N and the orthonormal basis (ej) corresponding to 
the sequence Lj C L 3 -+i C ... C X. We get, due to finiteness of rij := dim^Lj, 
that linij+^oo J(j, I) = 0, since ||^|{a;:||a:||>rj}|| < bj, T)(x(u)) = for x G XQLj 
with ||x|| < 6j, it G B(X,0,Tj). Then we define g^y := min{c? : ci G Tk 
and d > \J(j,l)\}, evidently, gjj < p\J(j,l)\ and there are £ 3 y G K with 
I^'./Ia - = ft',/- Consequently, the family (^y) determines a compact operator 
5 : X — > X with ej(Sei) = fcjjt due to Theorem 1.2[|23|, where t = const G K, 
t ^ 0. Therefore, |.Re(0(O) - 6(z))\ < c/2 + \z(Sz)\ < c for the real-valued 
measure \i and 1 6* (0) — 0(z)\ < c/2 + \z(Sz)\ < c for the K s - valued measure, 
if 15(52) | < \t\c/2. We choose r such that ||^|(x\B(x,o,r))|| < c /2 with S 
corresponding to (rj : j), where r% = r, L\ = L, then we take i G K with 
\t\c = 2. 

(I — > II). Without restriction of generality we may take 6(0) = 1 af- 
ter renormalization of non-trivial 9. In view of Theorem 3.8 as in §2.6 we 
construct using 6(z) a consistent family of finite-dimensional distributions 
{/i£( n )} all with values either in R or K s respectively. Let rriLtn) be a real Haar 
measure on L(n) which is considered as Qp with a = dimjiL(n)dimQ p 'K, 
m(B(L(n), 0, 1)) = 1. In view of Proposition 2.7 and Lemmas 2.8, 3.6: 
k(n) G ^ x )^L{n){dx) = J L{n) ^ n (z)6(z)m L{n) (dz), consequently, 

1 - J l F n (j $>n )(x)fj lLin) (dx) = J 7£ lfl (z)(l - 9(z))m L{n) (dz) =: /„(£). 

There exists an orthonormal basis in X in which S c can be reduced to the 
following form S c = SCS C E (see appendix), where S c = diag(sj : j G N) 
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in the orthonormal basis (f) : j) in X and S transposes a finite number of 
vectors in the orthonormal basis. That is, ^(S^z)! = maxj \sj\ x \zj\ 2 . In 
the orthonormal basis (e 3 - : j) adopted to (L(n) : n) we have 15(5^)1 = 
max jiZeN (|s^| x \zj\ x \zi\), \\S C \\ = maXjj \sjj\, where S c = (sjj : j,l 6 N) 
in the orthonormal basis (e 3 -), r = const > 0. In addition, < |sc| p < 

p|x|k for each x G K. If S c is a compact operator such that \Re(9(y) — 
9(x))\ < c (or \8(y) — 6{x)\ < c) for |i(5 , c 2)| < 1, z — x — y, then either 
|ite(l-0(a:))| < c + 2\x{S c x)\ and 

4(0 < / l^n{z)[c + 2\z{S c z)\ K \m L{n) {dz) <c + b\\S c \\/\£\ 2 , 

b = const is independent on n, £ and S c , 

b:=px sup |£| 2 / iz, n (z)\z\lmL(n)(dz) < oo 

|£|> r iL(n) 

for the real-valued measures, or 

\l-6(x)\\ <max(C,2\S:(S c x)\) and \\^, n (z){l - 0(z))\\ mL{n) < 

where b := px sup|£| >r (|£| 2 ||7£ )n (,2),2 2 || mL(n) ) < oo for the K s -valued measures. 
Due to the formula of changing variables in integrals (A.7|[22|) the following 
equality is valid: J n (0 = /„(0</n(l)/[4(l)|£| 2 ] \£\ ^ 0, where 

Jn(0= , lH,n( Z )\ Z \ 2 p m L(n)(dz). 
J L(n) 

Therefore, 

1- / Gt{x)n*{dx) <c + b\\S c \\/\£\ 2 
for the real-valued measures and 

\l-\\G^x)\\^\<m^{C,b\\Sc\\/\i\ 2 ) 

for the K s -valued measures. Then taking the limit with |£| — > oo and then 
with c — > +0 with the help of Lemma 3.6 we get the statement (/ — > II). 
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4 The non- Archimedean analog of the Kaku- 
tani theorem. 



4.1. Definition. Let on a completely regular space X with ind(X) = two 
non-zero real-valued (or K s -valued) measures p and v are given. Then v is 
called absolutely continuous relative to p if u(A) = for each A G Bf(X) 
with p(A) = (or there exists / such that v(A) = f A f(x)p(dx) for each 
A G Bco(X), where / G L(X, p, K s ) respectively) and it is denoted z/ <C /x. 
Measures z/ and /x are singular to each other if there is F G Bf(X) (or 
F e E) with |/x|(X\F) = and \v\(F) = (or = and \\F\\ V = 

respectively) and it is denoted v J_ /x. If v <C /x and /x z/ then they are 
called equivalent, z/ ~ /x. 

4.2. Theorem. (04/ Measures p j : -> R for xx- 5 ' : E -> K s j ; 

j = 1,2, for a Banach space X over K are orthogonal /x 1 _L /x 2 and on/y i/ 
p(x) = (mod /x 1 ) (or N^-{x)N^{x) = /or eaca x G X respectively). 

(B). If for measures p J : : — > K s on a Banach space X overK. is satisfied 
p(x) = for each x with iV„i(x) > 0, then /x 1 _L /x 2 ; the same is true for a 
completely regular space X with ind(X) = and p(x) = p 2 (dx)/ p l (dx) = 
for each x with N^i^x) > 0. 

Proof. (A). In the case of real- valued p? the proof differs only slightly 
from the proof of Theorem 2 §15[5S|. For pi with values in K s from Definition 
4.1 it follows that there exists F G E with \\X \ F\\^ = and ||F||„a = 0. 
In view of Theorems 7.6 and 7.20 125] the characteristic function cHf of the 
set F belongs to L^p 1 ) fl L(p 2 ) such that N fi j(x) are semi-continuous from 
above, ||c/tp-||jv 2 = 0> H c ^x\f||tv i = 0, consequently, N fJi i(x)N II 2^ = for 
each x G X. 

On the other hand, if N^i {x)N l p. (x) = for each x, then for F := [x G X : 
Nfj2(x) = 0] due to Theorem 7.2 |^TJ H-FH^ = ||c/ii?||jv 2 = 0- Moreover, in 



view of Theorem 7.60 F = fln=i U a -», where U c := [x G X : N^(x) < c] 
are open in X, hence ch F G L^p 1 ) fl L(p 2 ) and N^i\( X \f) = 0, consequently, 

ll^\^IU i = - 

(B). In view of Theorem 3.1(B) for each A G P^ n) [E(L(n))} and m > n: 
f A p m (x)p 1 (dx) = p 2 {A), then from lining \\p(x) - p n (P L ( n )x)\\ N x = and 
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Conditions 2.1.(i-iii) on p? Statement (B) follows. 

4.3. Note. For real-valued measures /i- 7 on Bf(X) for a Banach space 
X over K (instead of a Hilbert space) using the above given statements The- 
orems 3-6 and corollary in §15 |p5|| may be reformulated and proved. The 
Radon-Nikodym theorem is not valid for pi with values in K s , so not all the- 
orems for real-valued measures may be transferred onto this case. Therefore, 
the definition of absolute continuity of measures was changed (see §4.1). 

4.4. Theorem. Let measures pi and be with values in K s on Bf(Xj) 
for a Banach space Xj over K and p = p x ®p 2 , v = v x ®v 2 on X = X\®X 2 , 
therefore, the statement v -C p is equivalent to u 1 <C p 1 and v 2 <C p 2 , 
moreover, v{dx)jp{dx) = (^(Pidx)/ p l (P\dx)){y 2 (P2dx) / p 2 (P2dx)), where 
Pj : X —>■ Xj are projectors. 

Proof follows from Theorem 7.15J21] and modification of the proof of 



Theorem 5 §15 [25 



4.5. Theorem. The non- Archimedean analog of the Kakutani 
theorem. Let X = YljLi Xj be a product of completely regular spaces with 
ind(Xj) = and probability measures jj? , vi : E(Xj) — > K s , also let pj <C Vj 
for each j, v = (£)JL 1 Vj, p = ®'jLiPj are measures on E(X), Pj(x) = 
fj,j(dx)/uj(dx) are continuous by x G Xj, YYj=i Pj( x j) ='■ t n (x) converges 
uniformly on A f (X, p)- compact subsets in X, Pj := ||pj(a;)||0., <j)j{x) '■ = 
N v j(x) on Xj. IflYjLiPj converges in (0, oo) (or diverges to 0), then p<^v 
and q n (x) = Yl]=i Pj( x j) converges in L(X,u,K. s ) to q(x) = YijLi Pj( x j) — 
p(dx)/v(dx) (or p J_ v respectively), where Xj G Xj, x G X . 

Proof. The countable additivity of v and p follows from Theorem 3.1. 
Then = < \\Pj\\N Vj = \\X\\ N = 1, since N v . < 1 for each x G Xj, 

hence ITJLi Pj can n °t be divergent to oo. If this product diverges to 
then there exists a sequence e b := X\^=n{b)Pj f° r which the series converges 
E&^iQ) < oo, where n(b) < m(b). For A b := [x : (Uj=n( b ) Pj( x j)) - 1] tnere 
are estimates \\A b \\ u < sup xeAb [n™=n( b )\Pj{ x j)\4>j{ x j)] < e 6 , consequently, 
\\A\\ V = for A = limsup(v4b : b — > oo), since < J2^=i e b < °°- 

For B b := X \ A b we have: ||S 6 ||^ < [sup^g^ U™=n (b) I 1 / Pj( x jM( x j)} = 
[n^n(b) 1 1 Pi 0^)11**] = e b, where ipj(x) = N H (x), since pj(dxj) = p j (x j )u j (dx j ) 
and N H (x) = \pj(xj)\N Uj (x) due to continuity of Pj(xj) (for Pj(xj) = we 
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set \l/pj(xj)\if)j(xj) = 0, because if)j(xj) = for such Xj), consequently, 
|| limsup(i?b : b — > oo) || M = and \\A\\^ > || liminf(y4 b : b — > oo)\\^ = 1. This 
means that p J_ v. 

Suppose that converges to < f3 < oo, then (3 < 1 (see above). 

Therefore from the Lebesgue Theorem 7.F[21] it follows that t n (x) converges 
in L(X, /i,K s ), since |t n (x)| < 1 for each x and n, at the same time each 
t n (x) converges uniformly on compact subsets in the topology generated by 
Af(X, p). Then for each bounded continuous cylinder function / : X — > K s 
we have 



f(x)p(dx) = / f(xi,...,x n )t n (x)<g) r ' =1 v j (dxj)= lim / f(x)t n (x)u(dx)= / p(x)v(dx). 

X JX J j^ooJX JX 

Approximating arbitrary h G L(X, /i, K s ) by such / we get the equality 

h(x)p(dx) = / h{x)p{x)v{dx), 
x Jx 

consequently, p(x) = p(dx) jv{dx). 



5 Appendix. 

Suppose X = c (u} ,~K) is a Banach space over K and / is a unit operator 
on X. If A is an operator on X, then in some basis of X we have an infinite 
matrix (Ai^ij^, so we can consider its transposed matrix A 1 . If in some 
basis the following equality is satisfied A 1 = A, then A is called symmetric. 

A.l. Lemma. Let A : X — > X be a linear invertible operator with a 
compact operator (A — I). Then there exist an orthonormal basis (ej : j G N) 
in X, invertible linear operators C,E,D : X — >• X with compact opeartors 
(C — I), (E — I), {D — I) such that A = SCDE, D is diagonal, C is lower 
triangular and E is upper triangular, S is an operator transposing a finite 
number of vectors from an orthonormal basis in X . Moreover, there exists 
jiGN and invertible linear operators A', A" : X — > X with compact operators 
(A' — I), (A" — I) and (A^j — 5{ 7 j = 0) for i or j > n, A" is an isometry 
and there exist their determinants det(A')det(A" ) = det(A), \det(A")\j£ = 1, 
det(D) = det(A). If in addition A is symmetric, then C* = E and S = I. 
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Proof. In view of Lemma 2.2[2^] for each c > there exists the following 
decomposition X = Y © Z into K-linear spaces such that \\(A — I)\z\\ < c , 
where dim-^Y = m < K . In the orthonormal basis (ej : j) for which 
sp K (ei, ...,e m ) = Y for c < 1/p we get A = A' A" with (A-I)\ z = 0, \A" itj - 
— c for each i, j such that (A^- — dij) = for i or j > n, where n > m is 
chosen such that [A^j — 5ij\ < c 2 for % > n and j = 1, ...,m, Ajj := e*(Aej), 
e* are vectors e, considered as linear continuous functionals e* G X*. Indeed, 
(Ajj : i G N) = Ae^ G X and lim^oo j = for each j. From the form of A" 
it follows that \\A"ej — ej\\ < 1/p for each j, consequently, ||A"a;|| = \\x\\ for 
each x G X. Since A" = (A^^A, (A — /) and (A' — J) being compact, hence 
(A" - I) is compact together with (A' 1 - J), ((A') -1 - I) and ((A") -1 - J). 
Moreover, there exists lim^oo det(A)fc = det(A) = lim k det((A') k (A") k ) = 
lim k det(A') k det(A") k = det(A')det(A"), where (A) k := (A itj : i,j < k). This 
follows from the decompositions X — Y k © for c = c(&) — > whilst 
fc — > oo. This means that for each c(k) = p~ k there exists n(k) such that 
\Aij — 5ij\ < c(k), \A\j — 5i t j\ < c{k) and — < c{k) for each z or 

j > n(k), consequently, lAg;;;^" j) -^(J:^)^^-^^! < c(fc), where 

^Ci "i ) * s a mmor corresponding to rows i\, ...,i r and columns ji, ...,j r for 
r, g G N. From the ultrametric inequality it follows that |<ie/f:(A") — 1| < 1/p, 
hence \det(A")\ K = 1, cfe£(A") fc 7^ for each k, det(A') k = det(A') n for each 
k > n. Using the decomposition of det(A') n by the last row (analogously by 
the column) we get A' n ■ 7^ and a minor j^J+xJ 7^0. Permuting the 
columns j and n (or rows) we get as a result a matrix (A') n with A'Q " 7^ 

0. Therefore, by the denumeration of the basic vectors we get A'Q "' k A 7^ 
for each k — 1, ...,n, since |de£(A') n | = |de£(A') n |. 

Therefore, there exists the orthonormal basis (ej : j) such that AQ"'^J 7^ 

for each j and lira, = det(A) 7^ 0. Applying to (A)j the Gaussian 

decomposition and using compactness of A — I due to formula (44) in §11.40], 
which is valid in the case of K also, we get D = diag(Dj : j G N), Dj = 

''«•• = A G;:::;t:,l)MC::i); = 

for <y = Jfe + 1, Jfe + 2, jfe G N. Therefore, (C - J), (D-I),(E- I) are the 
compact operators, Cij, Dj, E$j G K for each Particularly, for A 1 = A 
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(A* denotes the transposed matrix for A) we get E^ g = C 9t k- 

References 

[1] N. Bourbaki. "Integration". Chapters 1-9 (Nauka, Moscow, 1970 and 
1977). 

[2] J.P.R. Christensen. "Topology and Borel structure". (North-Holland 
Math. Studies N 10. -Amst.: Elsevier, 1974). 

[3] C. Constantinescu. "Spaces of measures". (Berlin: Spr.-Ver.,1984). 

[4] Yu.L. Dalecky, S.V. Fomin. "Measures and differential equations in 
infinite-dimensional spaces" (Kluwer Acad. Publ., Dordrecht, 1991). 

[5] R. Engelking. " General topology" (Mir, Moscow, 1986). 

[6] H. Federer. "Geometric measure theory." (Springer- Verlag, Berlin, 1969). 

[7] F.R. Gantmaher. "Theory of matrices" (Nauka, Moscow, 1988). 

[8] E. Hewitt, K.A. Ross. "Abstract harmonic analysis" (Sec. ed., Springer, 
Berlin, 1979). 

[9] C.J. Isham, J. Milnor in: "Relativity, groups and topology" II. Editors 
Witt B.S. De, Stora R.( Amst.: Elsevier, P.1007- 1290, 1984). 

[10] A.Yu. Khrennikov. "Mathematical methods of non- Archimedean 
physics"// Usp. Mat. Nauk. 1990. V. 45, N 4, P. 79-110. 

[11] S.V. Ludkovsky. "Measures on diffeomorphism groups of non- 
Archimedean Banach manifolds"// Usp. Mat. Nauk. 1996. V. 61, N 
3, P. 169-170. 

[12] S.V. Ludkovsky. "Measures on diffeomorphism groups of non- 
Archimedean manifolds, representations of groups and their applica- 
tions"// Theor. and Math. Phys. 1999. V. 119, N 3, P. 381-396. 



30 



[13] S.V. Ludkovsky. "Quasi-invariant measures on non- Archimedean semi- 
groups of loops"// Usp. Mat. Nauk. 1998. V. 53, N 3, P. 203-204. 

[14] S.V. Ludkovsky. "Irreducible unitary representations of 
non- Archimedean groups of diffeomorphisms" / / Southeast Asian Bul- 
letin of Mathematics. 1998, V. 22, P. 419-436. 

[15] S.V. Ludkovsky. "Properties of quasi-invariant measures on topological 
groups and associated algebras"// Annales Mathem. B. Pascal. 1999. 
V. 6, N 1, P. 33-45. 

[16] A. Madrecki. "Minlos' theorem in non- Archimedean locally convex 
spaces"// Comment. Math. (Warsaw). 1991, V. 30, P. 101-111. 

[17] A. Madrecki. "Some negative results on existence of Sazonov topology 
in Z-adic Frechet spaces"// Arch. Math. 1991, V. 56, P. 601-610. 

[18] A. Madrecki. "On Sazonov type topology in p-adic Banach space"// 
Math. Zeit. 1985, V. 188, P. 225-236. 

[19] A. P. Monna, T.A. Springer. "Integration non-Archimedienne" // Indag. 
Math. 25(1963), 634-653. 

[20] L. Narici, E. Beckenstein. "Topological vector spaces". (Marcel Dekker, 
New York, 1985). 

[21] A. CM. van Rooij. " Non- Archimedean functional analysis". (Marcel 
Dekker Inc., New York, 1978). 

[22] W.H. Schikhof. " Ultrametric calculus". (Camb. Univ. Press, Cambridge, 
1984). 

[23] W.H. Schikhov. "On p-adic compact operators". Report 8911 (Dept. 
Math. Cath. Univ., Nijmegen, The Netherlands, 1989). 

[24] Schikhof W.H. "A Radon-Nikodym theorem for non- Archimedean in- 
tegrals and absolutely continuous measures on groups" / / Indag. Math. 
Ser. A. 1971. V. 33, N 1, P. 78-85. 



31 



[25] A.V. Skorohod. "Integration in Hilbert space" (Springer- Verlag, Berlin, 
1974). 

[26] N.N. Vahaniya, V.I. Tarieladze, S.A. Chobanyan. "Probability distribu- 
tions in Banach spaces". (Nauka, Moscow, 1985). 

[27] V.S. Vladimirov, I.V. Volovich, E.I. Zelenov, "p-Adic analysis and math- 
ematical physics" . (Nauka, Moscow, 1994). 

[28] Y. Jang. " Non- Archimedean quantum mechanics" // Tohoku Math. 
Publ. N 10, 1998. 

Address: Theoretical Department, 

Institute of General Physics, 

Russian Academy of Sciences, 

Str. Vavilov 38, Moscow, 117942, Russia 



32 



